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Abstract
The addition of Ca2-antagonizers (La2), Ca2-ionophores (A23187) and Ca2-complexing agents (EGTA) inhibited the
formation of xylanase activity in resting mycelia of Trichoderma reesei. The inhibition by the ionophore was reversed by the
addition of Ca2 ions. A similar inhibitory effect was obtained by the addition of the calmodulin inhibitors,
trifluoroperazine, chlorpromazine and quinacrine, hence suggesting that the observed effect of Ca2 on xylanase formation
occurred via calmodulin. The inhibition of xylanase formation by trifluoroperazine was accompanied by an inhibition of
formation of the xyn2 transcript, and of the hph (hygromycin B-phosphotransferase-encoding) gene when fused downstream
of the 5P-regulatory signals of the T. reesei xyn2 gene, indicating that calmodulin is required for xyn2 induction. At
trifluoroperazine concentrations, which inhibited extracellular xylanase formation only slightly (about 30%), the cell-free
extracts exhibited slightly increased xylanase activities. Subcellular fractionation showed that in these mycelia, the XYN II
protein was distributed over a range of light vesicular fractions. This accumulated XYN II protein had the same Mr as the
secreted, extracellular enzyme, indicating that it had already passed Golgi-located preprotein processing. Trifluoroperazine
also specifically interfered with the endogenous, Ca2-dependent phosphorylation of a 20-kDa protein, which was
predominantly observed in cell-free extracts from mycelia growing on xylan. From these data, we conclude that calmodulin is
required for xylanase II formation by T. reesei both at a transcriptional level as well as at a post-Golgi step of the secretory
pathway. We also suggest that at least one of these two steps may be mediated via Ca2-calmodulin-dependent
phosphorylation. ß 1998 Elsevier Science B.V. All rights reserved.
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1. Introduction
Filamentous fungi are important degraders of var-
ious plant materials, which has led to their applica-
tion as industrial sources of extracellular enzymes
such as amylases, pectinases, cellulases, xylanases
and others. While the genes encoding these depolym-
erases and also the gene products have in many cases
been characterized in detail, the knowledge of the
cellular biology of plant polymer degradation by fun-
gi is still in its infancy. Particularly, is it still only
poorly understood how potentially degradable mac-
romolecular structures, such as like plant cell walls,
trigger the cellular events required for their degrada-
tion by the fungus, i.e. transcription of relevant
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genes, their processing, and secretion. A notable ex-
ception is the recent ¢nding of the involvement of a
G-protein-mediated signal transduction pathway in
cellulase induction in Cryphonectria parasitica [1].
Ca2-ions have been shown to play important
roles in signal transduction and regulation in eukar-
yotes [2], and have been implicated in the regulation
of protein secretion in plants [3,4], in Dictyostelium
discoideum [5] and in Fusarium oxysporum [6]. Many
of the e¡ects of calcium are mediated by the calcium
binding protein calmodulin [7,8], which, in its Ca2-
activated form, is able to activate or inactivate a
number of enzymes including protein kinases and
at least one phosphoprotein phosphatase [9,10].
Trichoderma reesei is a fungus widely used for the
production of cellulases and hemicellulases [11]. The
formation of the latter has been shown to be di¡er-
entially regulated at the level of transcription by in-
duction and carbon catabolite repression [12,13]. In
order to identify the involvement of potential signal
transducing pathways in the formation of xylanases
by T. reesei, we have used a number of speci¢c in-
hibitors of the major eukaryotic signal transducing
pathways (D. Kristufek, S.A. Gyamphi and C.P. Ku-
bicek, unpublished data). Here we will therefore re-
port the major result from this investigation, that
Ca2/calmodulin are required for at least two di¡er-
ent steps in the formation of extracellular xylanase,
i.e. for transcription and for secretion.
2. Materials and methods
2.1. Fungal strains
T. reesei QM 9414 was used throughout the
present study. T. reesei RAMB2, which contains
the Escherichia coli hph (hygromycin B-phospho-
transferase-encoding) gene under the expression sig-
nals of the xyn2 (xylanase II-encoding) gene [12], was
obtained from the department’s collection. All
strains were maintained on malt agar slants and sub-
cultured monthly.
2.2. Growth and xylanase formation
Strains were cultivated in 1-l wide-mouthed Erlen-
meyer £asks containing 200 ml of medium [14], using
either glucose or beech wood xylan (Lenzing, Len-
zing, Austria) as a carbon source (1%, w/v, ¢nal con-
centration). Flasks were incubated at 28‡C and 200
rpm for up to 72 h. For induction experiments, the
replacement technique described by [15] as previously
modi¢ed [16] was used: brie£y, mycelia (pregrown
for 20 h on glycerol as a carbon source) were ¢ltered,
washed twice with chilled tap water, suspended in
0.25-strength salts [15] in 0.05 M sodium citrate,
pH 5.0, and transferred in 20-ml aliquots into 100-
ml conical £asks. The ¢nal mycelial density in the
induction medium was between 1.2 and 1.9 mg dry
weight/ml. After addition of the putative inducer and
inhibitors (as given at the experiments) at the ¢nal
concentrations as indicated, incubation was contin-
ued for at least 8 h on a reciprocal shaker at 28‡C.
Due to the lack of phosphate, the increase in biomass
density (measured as mg dry weight/ml) in this sys-
tem is negligible.
2.3. mRNA extraction and transcript analysis
To isolate RNA, mycelia was harvested on a sinter
funnel, ground to ¢ne powder under liquid nitrogen,
and total cellular RNA isolated [17]. Northern blot
analysis was performed with 20 Wg of total RNA in
1.2% (w/v) agarose formaldehyde denaturating gels.
To detect the xyn2 transcript, the blots were hy-
bridized for 18 h at 37‡C with a 1.4-kb HindIII-frag-
ment, labeled by random priming ([32P]dCTP). Addi-
tional hybridization with an internal, 1.7-kb KpnI-
fragment of actin encoding act1-gene was used to
normalize the amount of RNA loaded into each
slot. Intensities of hybridizing signals were deter-
mined by densitometric scanning of the autoradio-
grams under various stages before saturation of the
¢lm with Image Master 2D (Pharmacia, Uppsala,
Sweden).
2.4. Enzyme assays
Xylanase activity was assayed as described previ-
ously [18], using Lenzing xylan (Lenzing, Austria) as
substrate. Marker enzymes were assayed as previ-
ously described [19]. Protein concentrations were de-
termined by the dye-binding procedure [20].
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2.5. Cell-free extracts
To prepare cell-free extracts, mycelia were har-
vested on a Buchner funnel with suction, washed
with ice-cold tap water, blotted dry between ¢lter
paper sheets, and then suspended in 50 mM citrate
bu¡er, pH 5.0 (to give 10 ml per gram wet weight),
and the suspension sonicated in an ice-bath by means
of a Branson soni¢er (15-times for 30 s, with inter-
mittent 2-min cooling periods). The homogenate was
centrifuged at 10 000Ug (15 min, 4‡C), and the
supernatant (typically containing 2^4 mg/ml protein)
saved for enzyme activity determinations. Activities
were usually assayed within 3 h after preparation of
the extract.
2.6. Cell fractionation
Five grams of damp^wet mycelium was washed
with tap water, blotted dry between ¢lter paper, sus-
pended in 35 ml of 10 mM Tris-HCl bu¡er, pH 7.5
(containing 2 mM EDTA, 50 mM dithiothreitol,
2 mM phenylmethylsulfonyl£uoride, 3 mM MgCl2,
and 1 M sorbitol), and mixed with 30 g glass beads
(0.45^0.50 mm diameter, Braun Melsungen, Ger-
many) in a 75-ml beaker. The beaker was then placed
into a Bead-Beater homogenizator, cooled by ice,
and homogenized by eight 30-s treatments, inter-
rupted by 3-min periods to allow for cooling down.
The homogenate was withdrawn, the sedimented
glass beads removed, and the cellular debris and nu-
clei spun down at 1000Ug (4‡C, 10 min). Eight milli-
liters of the supernatant was then placed on 32 ml of
a 0.33^2 M sucrose gradient and centrifuged at
80 000Ug for 2 h at 4‡C in a swing out rotor. Frac-
tions of 2 ml were then isolated from the top and
assayed for protein, xylanase activity, and activity of
marker enzymes (glucose-6-phosphate dehydrogenase
for the cytosolic fraction; K-mannosidase and acid
phosphatase for fractions containing secretory
vesicles; and citrate synthase for mitochondrial frac-
tions).
2.7. Protein phosphorylation
The reaction mixture contained 1 Wl of cell-free
extract (10 mg protein/ml), 2 Wl of 10Ubu¡er (0.2
M Tris-HCl, pH 7.5, plus 0.5 M NaCl, 0.05 M mag-
nesium acetate, and 0.01 M dithiothreitol), 2 Wl 10%
(v/v) DMSO, 0.5 Wl [32P-Q]ATP (3.7U107 Bq/ml;
11.1U1010 Bq/mol), 12.5 Wl bidistilled water, and
2 Wl of the respective inhibitors, as indicated, to
give the desired ¢nal concentration. The mixture
was incubated at 30‡C for 20 min, and the reaction
stopped by the addition of an equal volume of
2Uconcentrated SDS sample bu¡er (1%, w/v, so-
dium dodecylsulfate; 1 mM EDTA; 5%, w/v, 2-mer-
captoethanol; 10 mM Tris-HCl, pH 6.8) and boiling
for 5 min. Proteins were thereafter subjected to SDS-
PAGE on 13% gels, dried and phosphorylated pro-
teins visualized by exposition to X-ray ¢lm. For
quanti¢cation of individual bands, developed ¢lms
were subjected to laser densitometry.
2.8. Electrophoretic techniques
For demonstration of individual xylanases in the
supernatant, samples from the culture broth were
separated under denaturing and reducing conditions
by SDS-PAGE, followed by Western blotting to ni-
trocellulose, and immunological detection as de-
scribed previously [21]. In order to remove non-spe-
ci¢c reactions of either the primary or the secondary
antibodies with other Trichoderma proteins, 1.5 ml of
appropriate dilutions (1:300 in TBS) of the antibod-
ies was mixed with 25 mg (dry weight) of T. reesei
mycelium, previously washed with 150 ml 0.9 M
NaCl and 300 ml TBS. The suspensions were shaken
at room temperature for 1 h, then centrifuged
(10 000Ug, 15 min), ¢ltered through 0.22-Wm mem-
branes, and the clear supernatants stored at 4‡C until
use.
3. Results
3.1. E¡ect of Ca2 and Ca2/calmodulin on xylanase
formation
As an approach to study a possible role of calcium
in xylanase formation by T. reesei, we made use of
La3 ions, which block Ca2 channels [22], of the
ionophore 23187, which opens Ca2 channels and
leads to depletion of intracellular Ca2 levels [23],
and of the chelating agent EGTA. All three compo-
nents inhibited growth of T. reesei on plates (I0:5 37
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mM, 20 WM and 22 mM, respectively), and thus were
physiologically active. As shown in Fig. 1, all these
compounds also inhibited xylanase formation by
resting mycelia of T. reesei, and the inhibition by
the ionophore could be counteracted by addition of
excess Ca2. We would like to note that the inhib-
ition of enzyme formation in this system is not due
to the general growth-inhibiting e¡ect of these com-
pounds, as a number of other agents which also in-
hibited growth (e.g. LiCl, neomycin, H7 and others)
and which were used to study other signal transduc-
ing pathways, had no e¡ect on xylanase formation in
this system (data not shown). We therefore conclude
that intracellular homeostasis of Ca2 ions is an es-
sential requirement for xylanase formation by T. ree-
sei.
In view of the e¡ect of Ca2 on xylanase secretion
by T. reesei, we further investigated whether this ef-
fect may be depending on the binding of Ca2 to
calmodulin. To this end, we used three speci¢c inhib-
itors of Ca2 binding by calmodulin, i.e. quinacrine,
chlorpromazine, and tri£uoroperazine (for all see
[24]). As shown in Fig. 2, all three compounds inhib-
ited the induction of xylanase formation by resting
mycelia of T. reesei. Immunoblots furthermore dem-
onstrated that the decrease in activity correlated with
a decreased presence of the major xylanase XYN II
(data shown later in Fig. 4). As their e¡ect was very
Fig. 1. E¡ect of LaCl3 (F), EGTA (b), and A23187 (E) on xylanase formation by resting induced mycelia of T. reesei. (a) e¡ect of in-
hibitors alone, and (b) e¡ect of Ca2 ions in the presence of ¢xed concentrations of LaCl3 (10 mM, a), EGTA (10 mM, O) and
A23187 (10 WM, E). Standard deviations are given by vertical bars (n = 3).
Fig. 2. E¡ect of three calmodulin antagonists (tri£uoroperazine,
b ; chlorpromazine, F ; quinacrine, R) on xylanase formation
by resting, induced mycelia of T. reesei. Values are means of at
least three independent experiments.
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similar, only tri£uoroperazine was used in most ex-
periments, but chlorpromazine had to be used in
later stages of the work due to availability problems.
3.2. E¡ect of Ca2+/calmodulin on xylanase gene
transcription
In order to localize the level of the e¡ect of these
inhibitors in more detail, we next investigated
whether this e¡ect would be due to an interference
of the calmodulin antagonists on xyn2 gene tran-
scription. To this end, XYN II formation was in-
duced by xylobiose, total RNA isolated and the
xyn2 transcript assayed by Northern blotting (Fig.
3A). The results show that chlorpromazine, in fact,
inhibited the expression of xyn2. Interestingly, we
noted that this condition also led to a strong reduc-
tion in the accumulation of the act1 (actin-encoding)
transcript, which was usually employed as a loading
control, and hence we include a negative of the ethi-
dium bromide-stained agarose gel to demonstrate
that the decrease in the amount of xyn2 and act1 is
not due to low RNA loading.
In order to ¢nd out whether the observed reduced
level of xyn2-mRNA is due to an inhibition of tran-
scription or to a reduced stability of the xyn2
mRNA, we used a T. reesei strain carrying a
xyn2:hph reporter fusion (Fig. 3B). This strain was
grown in the presence of 50 Wg/ml hygromycin B at
varying concentrations of tri£uoroperazine. At a
concentration of 20 WM, the expression of hph was
inhibited by more than 90% which contrasts with the
only slight e¡ect of this concentration on fungal
growth (cf. Fig. 2). In summary, these data therefore
suggest that there is a speci¢c e¡ect of tri£uoroper-
azine on xyn2 transcription.
3.3. E¡ect of inhibition of calmodulin function on
subcellular localization and secretion of
xylanase
We also determined the e¡ect of tri£uoroperazine
on the intracellular xylanase activity. Thereby we
observed (Fig. 4) that upon addition of tri£uoroper-
azine, the intracellular xylanase activity did not com-
pletely parallel the inhibition pattern of the extra-
cellular xylanase. Instead, low tri£uoroperazine
concentrations lad to a slightly, but signi¢cantly, ele-
vated intracellular xylanase pool (Fig. 4). This ¢nd-
ing raised the possibility that tri£uoroperazine may
exert an additional inhibitory e¡ect on the secretion
of xylanases. In order to investigate this, we sub-
jected mycelia which had been previously treated or
not with tri£uoroperazine to subcellular fractiona-
tion. Xylanase activity was then measured in individ-
ual fractions and the presence of XYN II analyzed
by Western blots and immunostaining (Fig. 5). In
untreated mycelia, xylanase activity was localized
speci¢cally in a fraction of low buoyant density,
and this fraction also contained activities of acid
phosphatase and K-mannosidase, indicating the pres-
ence of secretory vesicles. In mycelia incubated in the
presence of 20 WM tri£uoroperazine and containing
Fig. 3. E¡ect of chlorpromazine or tri£uoroperazine on the ex-
pression of xyn2 by T. reesei. (A) Northern analysis, using 20
Wg total RNA per track. (+) and (3) indicate the presence and
absence, respectively, of 15 Wg/ml chlorpromazine. Other experi-
mental conditions are given in Section 2. 18S and 28S indicate
the position of the 18S- and 28S-rRNA band, respectively; (B)
E¡ect on transcription of the E. coli hph gene under the control
of the xyn2-promoter in T. reesei. Hygromycin B-phosphotrans-
ferase activity was measured as described in [19], using 50 mg/l
hygromycin B. Values are means of four independent experi-
ments.
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an elevated level of intracellular xylanase, XYN II
was broadly distributed in fractions between 0.6 and
1.2 M sucrose. In mycelia treated with 50 WM tri-
£uoroperazine, XYN II showed a similar behavior,
yet was narrower distributed (0.6^0.85 M sucrose).
Upon incubation with 100 WM tri£uoroperazine,
which strongly inhibited enzyme formation, intracel-
lular accumulation of XYN II could no longer be
detected. It is interesting to note that acid phospha-
tase and K-mannosidase mimicked the behavior of
XYN II, whereas citrate synthase or glucose-6-phos-
phate dehydrogenase appeared in comparable frac-
tions during these experiments, suggesting that tri-
£uoroperazine interferes with a general step in
protein secretion in T. reesei. The relative migration
of the intracellular xylanase form in SDS-PAGE was
the same as that of the secreted form (data not
shown), thus indicating that the accumulated protein
has already undergone all processing events, and the
inhibition by tri£uoroperazine must therefore take
place at a post-Golgi stage of the secretory pathway.
3.4. In£uence of Ca2/calmodulin on protein kinase
activity in T. reesei
As the e¡ect of Ca2-calmodulin is often due to
the action of a Ca2-calmodulin-dependent protein
kinase, we further investigated whether the observed
e¡ect of tri£uoroperazine on xyn2 gene transcription
may be accompanied by an inhibition of phospho-
rylation of a speci¢c protein. To this end, we incu-
bated cell-free extracts of T. reesei with Mg2 and
32P-radiolabeled ATP in the presence of tri£uoroper-
azine, calmidazolium (compound R24571, another
inhibitor of calmodulin [25]), Ca2-ions and EGTA,
and analyzed the in vitro phosphorylated proteins by
SDS-PAGE and £uorography (Fig. 6). Several phos-
phoprotein bands were observed, but one 20 þ 2-kDa
band was detected, whose phosphorylation was
Fig. 5. Subcellular fractionation to localize intracellular xyla-
nase in resting, induced mycelia in the presence of three di¡er-
ent concentrations of tri£uoroperazine. Organelle markers were
measured in all fractions, and the fraction showing highest ac-
tivity is given (b, glucose-6-phosphate dehydrogenase; 8, cit-
rate synthase; S, K-mannosidase). After SDS-PAGE of frac-
tion aliquots, proteins were transferred to nitrocellulose ¢lters,
and xylanase II identi¢ed by Western blotting/immunostaining.
Fig. 4. E¡ect of tri£uoroperazine on the formation of extracel-
lular (b) and intracellular (a) xylanase activity by resting in-
duced mycelia of T. reesei and on the formation of extracellular
(upper row) and intracellular (lower row) levels of XYN II pro-
tein as determined by immunoblotting (inset). Equal amounts
of protein (determined as described in [3]) were applied to the
¢ve tracks, respectively, which correspond (from left to right)
to the control and three experiments with increasing tri£uoro-
perazine concentrations (10, 50 and 100 WM tri£uoroperazine,
respectively). The activity assays are means of at least three in-
dependent determinations (standard deviations indicated by ver-
tical bars), and the blotting result is representative of four inde-
pendent experiments.
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strongly enhanced in cell-free extracts from xylan-
grown mycelia. Densitometry of the lower part of
the gels shown in Fig. 6A,B revealed that phospho-
rylation of this protein was strongest in the presence
of Ca2, and reduced by the addition of calmodulin
inhibitors. No other protein band with this behavior
was detected and we thus suppose that this protein
serves as a target for a Ca2/calmodulin-dependent
protein kinase. These data suggest that either this
protein or the activity of its kinase are elevated dur-
ing growth of T. reesei on xylan.
4. Discussion
The results from this study show that Ca2/cal-
modulin is required both for the transcription as
well as the secretion of xylanases in T. reesei. While
several cellular processes in ¢lamentous fungi have
been shown to be dependent on calcium or/and cal-
modulin (e.g. hyphal tip growth in Neurospora crassa
[26], sporulation in Penicillium spp. [27,28], cell cycle
control in A. nidulans [29], and dimorphism in Can-
dida albicans and Ceratocystis ulmii [30,31], their role
in formation or secretion of extracellular enzymes ^
while well documented in plants [3,4] or D. discoi-
deum [5] ^ has not been studied. The only exception
is F. oxysporum lipase formation, which has been
reported to be Ca2/calmodulin dependent [6]. Data
from the latter investigation correlate well with those
from the present study, and point to a more wide-
spread role of Ca2/calmodulin in fungal protein se-
cretion. However, these authors did not investigate
which of the several steps between gene transcription
and ¢nal transport of the secretory protein through
the plasma membrane actually requires the presence
of functional Ca2/calmodulin.
Our data clearly show that calmodulin inhibitors
interfered with the transcription of xyn2, thereby
suggesting that at least one of the reasons for the
requirement of Ca2/calmodulin for xylanase forma-
tion is its involvement in induction. The mode of this
regulation is unclear at the moment. A direct inter-
action of Ca2/calmodulin with basic helix^loop^he-
lix proteins has been reported [32], but this interac-
tion, in contrast to the observations in the present
study, results in a repression of transcription only.
On the other hand, activation of gene transcription
by Ca2/calmodulin is well documented in mamma-
lian tissues where it involves phosphorylation by one
of the calmodulin-dependent protein kinases [33^35].
In A. nidulans, the gene encoding a single, essential
Ca2/calmodulin kinase has been cloned [29], and the
activity of such a kinase has been demonstrated also
in N. crassa [36], Metarhizium anisopliae [37] and F.
oxysporum [38]. Our demonstration of Ca2/calmo-
dulin-dependent phosphorylation of a xylan-speci¢c
20-kDa protein provides evidence for the occurrence
of such a kinase in T. reesei as well and would be
compatible with the assumption of its involvement in
xylanase gene transcription. In this respect, we also
Fig. 6. E¡ect of 10 mM Ca2 (lane 1), 100 mM EDTA (lane
2), 10 mM Ca2 plus compound 0.1 mM R24571 (lane 3), and
10 mM Ca2 plus 0.1 mM tri£uoroperazine (lane4) on the en-
dogenous phosphorylation of proteins by cell-free extracts of T.
reesei grown on glucose (A) and xylan (B). Lane 5 shows the
control without any treatment. Respective positions of molecu-
lar weight marker proteins are given on the left side. (C) Result
(ODUmm) of densitometric scanning of the three bands
(marked with arrows) of (B). Standard deviation was 6 10%.
The relative position of these bands in (A) is also indicated by
arrows.
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studied the e¡ect of [Ala286]-281-301 [39], a 21-mer
oligopeptide mimicking the autoinhibitory domain of
Ca2/calmodulin-dependent protein kinase II (C.
Waczenovsky, R.L. Mach and C.P. Kubicek, unpub-
lished data), on the formation of the xyn2 transcript.
However, the e¡ect was too small (20^25% inhibi-
tion) to be safely interpreted in favor of such an
involvement, and, in addition, we cannot rule out
the possibility that the compound is only poorly tak-
en up. Whether this phosphorylation concerns one of
the proteins directly interacting with the xyn2-tran-
scriptional complex or of the components signalling
to it is unclear at present. We have previously noted
that the protein complex binding to the regulatory
sequence fragment of the xyn2 promoter involves
rather small proteins [13]. On the other hand, Hoshi-
no et al. [38] demonstrated that the calmodulin-de-
pendent protein kinase from F. oxysporum preferen-
tially phosphorylated a 16-kDa protein which had
partial homology to transducin, and therefore is
probably involved in signalling rather than DNA-
binding. Since the size of this protein is clearly di¡er-
ent from that of the protein detected in our study, it
remains unclear whether their 16-kDa protein and
the one identi¢ed here have a similar function. Fu-
ture experiments will clarify whether a calmodulin-
dependent phosphorylation is involved in the forma-
tion of the transcriptional complex of xyn2.
Interestingly, we also found that Ca2/calmodulin
is required for secretion of the xylanases. The pres-
ence of a signal peptide cleavage site and a KEX2-
like protease site has been demonstrated in both T.
reesei xylanases, and the uncleaved proprotein is
clearly demonstrable by its larger size in SDS-
PAGE under conditions of inhibition of the dibasic
processing peptidase [40]. The fact that the xylanase,
which accumulates in the light vesicles in the pres-
ence of tri£uoroperazine has the same size as the
secreted one therefore indicates that it has apparently
passed the ¢nal proprotein-processing step within the
Golgi compartment. We therefore conclude that a
component active in transporting or fusing post-Gol-
gi vesicles with the plasma membrane is dependent
on calmodulin function. The current literature re-
veals a number of possible targets for this: McGol-
drick et al. [41] recently identi¢ed a novel myosin
(MYOA) in A. nidulans, which contains binding sites
for calmodulin, and which is essential for secretion
and polarized growth; in S. cerevisiae, several cal-
modulin mutants were shown to lead to impaired
actin organization [42], and actin cytoskeleton mu-
tants were shown to accumulate late, post-Golgi se-
cretory vesicles [43]; furthermore, inhibition of Ca2/
calmodulin-dependent protein kinase II has been
shown to impair kinesin- and myosin-driven steps
of vesicle recruitment for exocytosis in mammalian
tissues [44]. If any of these explanations can account
for the observed role of calmodulin in T. reesei pro-
tein secretion is not yet clear at this stage.
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